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Figure 1. In comparison with a semi-ﬁxed knee radiograph (Left), a virtual
radiograph and triplanar visualization of same knee with WBCT may offer
a more accurate 3D evaluation of the joint space width (Right).
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Purpose: OA clinical trials are expensive, mostly due to the large
numbers of subjects and the extended follow-up required to detect a
response. A better imaging technique for monitoring joint structure
would provide higher sensitivity and accuracy without increasing the
radiation, time or cost of image acquisition. A low-dose, weight-bearing
CT (WBCT) scanner for the knee offers these advantages, providing
capability to consistently image joints for joint space width measure-
ment (Fig. 1).WBCT also makes possible modeling of knee OA risk related to adverse
mechanical loading. Our prior work identiﬁed an approach to loading
assessment that is knee subregion-speciﬁc, accurate and generalizable
for widespread clinical use. Patient-speciﬁc computational modeling
(Discrete Element Analysis –DEA) provides an expeditious and practical
method to estimate contact stress, based on MRI and weight-bearing
radiographs. This method enables predicting not only inwhom, but also
where in the knee early OA will develop, with the potential to provide
focused guidance for preventive rehabilitative and surgical
interventions.
The ability to quickly and accurately estimate contact stress in the joints
of live subjects marks a substantial breakthrough. However, the
breakthrough presently depends upon multiple imaging modalities
located at different sites, impeding wider clinical implementation.
There is presently no way to affordably and longitudinally obtain the
data needed to estimate articular contact stress in the clinic. The pur-
pose of this studywas to assess the potential forWBCT use in estimating
knee joint contact stress.
Methods: Our group has partnered with a company providing 3D cone
beam CT for musculoskeletal applications, to reconﬁgure an existing
foot and ankle scanner in a proof-of-concept device that permits
weight-bearing knee imaging. The knees of ﬁve different subjects
without radiographic OA were imaged in the WBCT scanner for this
study. MR images of the knees had previously been acquired. Compu-
tational models of the knees (bone and cartilage surfaces) were pro-
duced from segmentations of the MR images, using previously reported
methods.
Two different approaches to registering the 3D (unloaded joint) bone
models into theWBCT image spacewere used. Method 1 involved direct
registration of the femur and tibia models to the 3D CT reconstructions,
while Method 2 involved model-based registration to multiple raw
(intermediate 2D) images acquired during the WBCT scan. Method 1
used an iterative closest point algorithm to align the MRI-derived bone
models to surface models extracted directly from the CT recon-
structions. Method 2 used a 3D model to multi-2D image set registra-
tion algorithm previously reported. This involved registering bone
surface models to corresponding bone edges detected on a series of raw
WBCT images.
The 3D cartilage surface models were then incorporated into each
loaded-apposition knee model, and DEA methods were used to esti-
mate contact stress distributions. The elastic modulus of cartilage used
was 12 MPa, and the Poisson’s Ratio was 0.42. The models were
advanced into contact until the force generated reached 80% of the
subject’s body weight.
Results: The methods described provide a highly efﬁcient means for
obtaining contact stress estimates in the knees studied. Segmentation
accounted for the majority of time expended, at about 2 hours of user
time per knee. Alignments took approximately 4 minutes per bone,
involving over 8,000 cost function evaluations. Both registration
methods provided comparable capability for estimating the contact
stress distributions in the tibiofemoral joint. DEA computations took
Abstracts / Osteoarthritis and Cartilage 22 (2014) S57–S489 S103approximately 3 minutes per knee and produced reasonable contact
stress distributions, consistent with our previous reports (Fig. 2).Figure 2. 3D models of the knee bones registered to a raw WBCT image.
The inset shows the resulting DEA-computed contact stress distribution.Conclusions: The integration of cone beam CT capabilities into a rela-
tively inexpensive (compared to standard CT), upright, small footprint
device has the potential to shift the diagnostic and treatment paradigm
by introducing low-doseWBCTof the knees to the clinic. In-clinicWBCT
also provides groundbreaking opportunities to incorporate contact
stress assessments of patients’ knees. The accuracy of the WBCT-based
contact stress estimates remains to be established and is the subject of
ongoing study.
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DO DECREASED MEDIAL COMPARTMENT CONTACT FORCES AND
LOADING ASYMMETRIES EXIST AFTER ANTERIOR CRUCIATE
LIGAMENT RECONSTRUCTION AND REHABILITATION? – A 5 YEAR
FOLLOW-UP STUDY
A. Khandha, E. Gardinier, J. Capin, K. Manal, L. Snyder-Mackler,
T. Buchanan. Univ. OF Delaware, Newark, DE, USA
Purpose: An anterior cruciate ligament (ACL) injury leads to long-term
knee osteoarthritis (OA), in as many as 50 % of the patients. Decreased
joint loading in the ACL-deﬁcient knee and asymmetric joint loading
have been suggested as potential reasons for OA development. While
anterior cruciate ligament reconstruction (ACLR) surgery and rehabil-
itation help restore knee stability, there is lack of clear evidence to
support their role against OA development. Evaluating medial com-
partment contact forces and their distribution in the ACL-reconstructed
knee and the contralateral knee can verify whether decreased joint
loading and loading asymmetries prevail after ACLR and rehabilitation.
Hence, the purpose of this study was to evaluate medial compartment
contact forces in ACLR subjects 5 years post-operatively.
Methods: Ten subjects (5 females, 5 males, Age: 32  12 years) with
unilateral ACL injuries participated in the study. All subjects were
actively involved in cutting and pivoting activities prior to injury. Each
subject underwent ACLR and rehabilitation; all surgeries were per-
formed by the same orthopedic surgeon using either an allograft or a
hamstring autograft. Subjects with repairable meniscal tears, full-
thickness chondral defects > 1 cm2 and symptomatic grade III injury to
other knee ligaments were excluded from the study. All subjects were
tested after resolution of effusion, pain and range-of-motion impair-
ment. The testing protocol included gait and electromyography (EMG)
analysis. Patients maintained a self-selected walking speed throughout
each testing session. Kinematic parameters were recorded using an 8-
camera video system (Vicon, Oxford Metrics Limited, London, UK) and
kinetic parameters were recorded using a force platform (Bertec Cor-
poration, Worthington, OH). Surface-EMG recordings (Motion Lab Sys-
tems, Baton Rouge, LA) were collected from 7muscles crossing the knee
joint, for both limbs. The muscles included medial/ lateral vasti, rectus
femoris, semitendinosus, long head of biceps femoris, and medial/lateral gastrocnemii. The peakmedial compartment contact forces were
computed using a validated Hill-type EMG-driven musculoskeletal
model, which was anatomically scaled and calibrated for each subject.
The peak medial compartment contact forces thus obtained were nor-
malized to body weight (BW) for each trial. Three trials per subject were
averaged for each limb. Twoway analysis of variance (ANOVA) was used
to examine changes in peak medial compartment contact forces in each
limb at three time points (Factors: Limb – Involved vs. Uninvolved, Time
Points – Before Intervention, 2 years post-operatively, 5 years post-
operatively). Minimum detectable change criteria were also applied in
order to identify true changes at follow-up visits.
Results: There was a signiﬁcant Limb x Time Point interaction (p ¼
0.012), indicating that the peak medial compartment contact force in
the limbs changed differently over time. The peak medial compartment
contact forces normalized to BW (Mean and standard deviation shown
in Figure) indicate that the peak value was signiﬁcantly lower in the
involved limb, before intervention (p ¼ 0.02). There were no signiﬁcant
differences between the involved and uninvolved limbs 2 and 5 years
post-operatively. Also, the peak medial compartment contact forces in
both limbs were signiﬁcantly lower 5 years post-operatively, compared
to the earlier time point (p ¼ 0.04).
Conclusions: In subjects with ACL injury, an asymmetric loading pat-
tern and lower medial compartment contact forces were observed in
the ACL-deﬁcient knee, prior to surgery. The results of the current study
indicate that loading asymmetries do not exist after ACLR and reha-
bilitation. However, the peak medial compartment forces were lower at
the 5 year time point. A lower medial compartment contact force in the
involved knee has been proposed to be detrimental to cartilage health,
resulting in cartilage deconditioning, thinning and ultimately OA.While
mechanisms causing OA after ligament injury have not been directly
established, evaluating medial compartment contact forces at post-
injury/post-surgery time points in conjunctionwith radiological indices
can provide valuable insight into the progression of OA over time.Acknowledgements:
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Purpose: Decreased muscle strength has been implicated in the ini-
tiation and progression of knee osteoarthritis (OA) and quadriceps
strength is considered a greater risk factor in women than men. The
rationale in theory links strength and gait biomechanics. This study
aimed: i) to determine if differences in muscle strength between men
and women are altered by presence and severity of knee OA and ii) to
determine if muscle strength is correlated with gait biomechanical
